APPENDIX B 
Clean Copy of All Pending Claims 1-62 

A hydrogen Vas detector for detection of hydrogen gas in a gaseous environment, said 
detector compYising a light/heat source, an optical detector, and an optical barrier 
therebetween, wnerein the optical barrier is disposed in proximity to the light/heat source 



so that the opticaRbarrier is simultaneously illuminated and heated by said light/heat 
source, wherein the optical barrier responds to the presence of hydrogen by responsively 
changing from a flrst\optical state to a different second optical state, and whereby 
transmission of light from said light/heat source through said optical barrier is altered by 
the presence of hydrogen and said altered transmission is sensed by said optical detector 



to provide an indication of the.presence of hydrogen gas in the gaseous environment. 



The hydrogen gas detector of claim 1 , wherein the first optical state comprises a state of 
optical opacity of the optical barrier^ 




The hydrogen gas detector of claim 1, w^herein the second optical state comprises a state 

\ 

of optical non-opacity of the optical barriei^. 



The hydrogen gas detector of claim 1, wherein the second optical state comprises 
translucency/transparency of the optical barrier. 




The hydrogen gas detector of claim 1, wherein the optical barrier comprises a rare earth 
metal thin film. 
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6. The hydrogen gas detector of claim 1, wherein the optical barrier comprises an yttrium 
thin film. 

7. The hydrogen gas detector of claim 1, wherein the optical barrier comprises a rare earth 
metal thin film deposited on the optical output surface of the light/heat source, overlaid 
by a protective film that is permeable to hydrogen gas. 

8. The hydrogen gas detecto^of claim 7, wherein the protective film comprises a palladium 
film. 



9. The hydrogen gas detector of claim 7, wherein surface morphology roughness of the 



10. 



optical output surface of the light/heat source prior to deposition of the rare earth metal 
thin film has been increased by treatment of the optical output surface comprising a 
roughening step selected from the \pup consisting of mechanical roughening, chemical 
roughening, deposition of highly exfoliated or porous inorganic underlayers, and 



deposition of porous polymer underlayqrs, to thereby increase the response speed of the 



w 



rare earth metal thin film as compared with a corresponding unroughened optical output 



surface. 



The hydrogen gas detector of claim 1, embodieq as a unitary portable article 




1 1 . The hydrogen gas detector of claim 1 , further comprising a power supply. 



12. The hydrogen gas detector of claim 11, wherein the power supply comprises a battery. 
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3 de 



The hydrogen gas detector of claim 1, further comprising an output module operatively 
coupled to the optical detector, and arranged to provide an output alarm indicative of the 
presence or concentration of hydrogen gas in the gaseous environment. 



The hydrogen gas detector of claim 13, wherein said output alarm is selected from the 
group consisting of visualAaudible and tactile alarms. 



The hydrogen gas detector o^ claim 1, wherein the light/heat source comprises a lamp 
element providing heat output incident to the generation of light. 



The hydrogen gas detector of qlaim 1, wherein the light/heat source comprises an 



incandescent lamp. 



The hydrogen gas detector of claim 16Wherein the incandescent lamp comprises a light- 
transmissive bulb, the exterior surface of^which is coated with a rare earth metal thin film 
as said optical barrier. 




The hydrogen gas detector of claim 1, whereii^ the light/heat source comprises an optical 
waveguide. 




The hydrogen gas detector of claim 18, wherein optical output surface of said optical 

\ 

waveguide is coated with a rare earth metal thin film a'^ said optical barrier. 



The hydrogen gas detector of claim 18, wherein said optical barrier comprises a multi- 
layer structure deposited on the optical output surface of^^id optical waveguide, said 
multi-layer structure comprising at least a first and a second layer, wherein the first layer 
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absorbs optical energy oka first wavelength and transfers said optical energy of the first 
wavelength into thermal energy, while remaining transparent or translucent to optical 



energy of a second wavelength, and wherein the second layer comprises a rare earth 
metal thin film, the optical properties of which are responsive to the presence and 
concentration of hydrogen gas in^the surrounding environment. 



21. A hydrogen gas detector for detection of hydrogen gas in a gaseous environment, said 



detector comprising a light/heat source, at least one optical detector, and at least one 

\ ... 

optical barrier deposed between the light/heat source and each detector in proximity to 

\ 

the light/heat source so that the optical barrier is simultaneously illuminated and heated 
by said light/heat source, wherein the optical barriers respond to the presence of hydrogen 
by responsively changing from a first optical state to a different second optical state, and 
whereby transmission of light from said light/^at source through said optical barriers is 

altered by the presence of hydrogen and said^altered transmission is sensed by said 

\ 

optical detectors to provide an indication of the p^^esence and concentration of hydrogen 
gas in the gaseous environment. 




22. The hydrogen gas detector of claim 21, wherein thd^ light/heat source comprises an 
incandescent bulb, and the optical barriers comprise a single rare earth metal thin film 



coating the exterior surface of said bulb, with a pluralitj^of protective layer sections 
overlaid on mutually exclusive portions of the rare earth met^thin film coating, wherein 
each protective layer section exhibits a unique permeability to hydrogen. 



\ 

23. The hydrogen gas detector of claim 22, wherein the number of optical detectors exceeds 



the number of heat/light sources, and wherein each optical detector is arranged in light 
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receiving relationship with a heat/light source such that the luminous flux impinging each 
detector passes through only one of the plurality of protective layer sections. 



The hydrogen gas detector of claim 23, further comprising a plurality of output modules, 
each of which is operatively coupled to an optical detector, and arranged to provide an 
output indicative of the concentration of hydrogen gas in the gaseous environment. 



The hydrogen gas detector of claim 1, of a hand-held size and portable character. 



The hydrogen gas detector of claim 1, wherein a plurality of heat/light sources, optical 
detectors, and optical barriers, eaich set of which is arranged in operative relationship to 
effect the detection of hydrogen g\ in a gaseous environment, are further arranged in an 
array, and wherein each combinatio^ of heat/light source, optical detector, and optical 
barrier is configured to respond to a different concentration of hydrogen gas in the 
gaseous environment. 



The hydrogen gas detector array of claim 2^ further comprising a corresponding array of 
output modules operatively coupled to the o^ical detectors, and arranged to provide an 
output indicative of the concentration of hydrogen gas in the gaseous environment. 



The hydrogen gas detector of claim 1, operatively coupled with corresponding hydrogen 
gas detectors to form an extended area monitoringWstem for detection of hydrogen gas 
in the gaseous environment of said extended area. 



The hydrogen gas detector of claim 1, wherein the light/heat source comprises a lamp 
element providing heat output incident to the generation of light, with an yttrium thin 
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film coated on said lamp element as said optical barrier, and a palladium film coated on 
the yttrium thin film. 



A hydrogen gas detector, comprising 
a light source; 
a thermal energy source; 
an optical filter having an\\ optical transmissivity responsive to the presence and 
concentration of hydrogen gas in an ambient environment to which the optical 



filter is exposed, said optical filter being disposed in proximity to the light source 
such that said optical filter is illuminated with light from the light source, and 
being operatively coupled\^^to the thermal source such that the optical filter is 



heated by the thermal soured; 



a light detector generating an output signal, the state of said output signal being 



proportional to the intensity ofj light impinging on the light detector, said light 
detector being disposed in light-sensing relationship to the optical filter, whereby 
light from the light source passing^through the optical filter impinges on the light 
detector and generates said output\^ignal as a indication of the presence and/or 



concentration of hydrogen gas in the^^mbient environment. 



The hydrogen gas detector of claim 30, whei^in th€"light source^mprises a light- 



generating element selected from the group cgnsisting of incandescent bulbs, light 



emitting diodes, fluorescent lamps, electroluminescent lamps, and optical lasers, and 
optical waveguides illuminated by any such light-generating element. 



The hydrogen gas detector of claim 30, wherein the tn^rmal energy source ^omprises a 

^^^^^i ^ 

heat-generating element selected from the group coi^sisting of incandescent bulbs. 
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resistive wires, exotherr^ic chemical reactions, ultrasonic radiation, acoustic radiation, 

I v/ 

microwave radiation, anduaser radiation. 



33. The hydrogen gas detector of claim 30, wherein the light source and the thermal energy 
source comprise a same element. 

i 

34. The hydrogen gas detectoh-o^claim 30, wherein light source and the thermal energy 
source comprise different elemen^. 

35. The hydrogen gas detector of claim 30, wherein the light detector comprises a light 

\\ 

detection element selected from the group consisting of photodiodes, avalanche 

\\ 

photodiodes, phototubes, photomultipiier tubes, microchannel plates, solar cells, image 
intensifiers, photoconductor detectors^ charge-coupled devices, and combinations or 
arrays thereof 



36. The hydrogen gas detector of claim 30, wherein the optical filter comprises a rare earth 
metal thin film deposited on an optical outpuisurface of the light source. 



37. The hydrogen gas detector of claim 36, whereimthe rare earth metal thin film comprises a 

\ 

rare earth metal component selected from the group consisting of trivalent rare earth 



metals reactive with hydrogen to form both metal clihydride and metal trihydride reaction 
products, wherein the metal dihydride and metal trihydride reaction products have 
differing optical transmissivity. 



38. The hydrogen gas detector of claim 36, wherein the rare earth metal thin film comprises 

\ 

at least one metal selected from the group consisting of: » 
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lum, cerium, praseodymium, neodymium, promethium, 
samarium, europium, gadolinium, terbium, dysprosium, holmium, erbium, thulium, 
ytterbium, lutetium, actinium, thorium, protactinium, uranium, neptunium, plutonium, 
americium, curium, berkelium, californium, einsteinium, fermium, mendelevium, 
nobelium, and lawrencium, 

(II) alloys thereof, and 

(III) alloys containing one or more of such metals alloyed with an alloying component 
selected from the group consisting o^ magnesium, calcium, barium, strontium, cobalt and 
iridium. 

39. The hydrogen gas detector of claim 36\ wherein the rare earth metal thin film comprises 
yttrium. 



40. The hydrogen gas detector of claim 36, wherein the rare earth metal thin film is overlaid 



by a hydrogen-permeable material comprising a metal selected from the group consisting 
of Pd, Pt, Ir, Ag, Au, Ni, Co, and alloys thereof 



41 . The hydrogen gas detector of claim 36, wherein the rare earth metal thin film is overlaid 
in sections by a plurality of hydrogen-permeable material, each comprising a metal 



selected from the group consisting of Pd, Pt,\\Ir, Ag, Au, Ni, Co, and alloys thereof, 
wherein each overlay section exhibits a unique permeability to hydrogen. 



Page 21 of 26 



42. The hydrogen gas detector of claim 36, wherein the rare earth metal thin film is overlaid 



by a hydrogen-permeable^ material that is doped with a dopant selected from the group 

\ 

consisting of Mg, Ca, Al, I^, Ni and Co, 



43. The hydrogen gas detector of claim 36, wherein the rare earth metal thin film is overlaid 
in sections by a plurality of hydrogen-permeable materials, each of which is doped with a 



dopant selected from the group consisting of Mg, Ca, Al, Ir, Ni and Co, wherein each 
overlay section exhibits a unique permeability to hydrogen. 

I 

44. The hydrogen gas detector of claim 36, wherein the rare earth metal thin film is overlaid 
by a thin film of a material including a metal selected from the group consisting of pal- 
ladium, platinum, and iridium. 



45. A hydrogen detection system for moi^itoring an extended or remote area region for the 
incursion or generation of hydrogen therein, said hydrogen detection system comprising a 



non. 



multiplicity of hydrogen gas detectors as in claim 30, each of which is arranged for 
exposure to a specific individual locus of tl^e extended area regie 



46. A method of fabricating a hydrogen gas detecW, comprising: 



providing a source of luminous and thermal energy including an output surface for 
emitting light and thermal energy; \ 



V 
\ 

depositing on the output surface an optical filter co|nprising a rare earth metal thin film 
that responds to contact with hydrogen by exhibiting a detectable change of optical 



transmissivity; 
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positioning a light detector in light-sensing proximity to the source of luminous and 
thermal energy, whereby a change in optical transmissivity of the rare earth metal thin 
film in exposure to hydrogen gas is detected as a change in luminous energy flux 



impinging on the detector, and 

\ 

outputting a signal indicative of said change in luminous energy flux. 



The method according to claim 46, wherein the rare earth metal thin film is formed on the 
output surface of the sour()e of luminous and thermal energy, by a technique selected 
from the group consisting of physical vapor deposition, chemical vapor deposition, 
sputtering, solution deposition, focused ion beam deposition, pulsed laser deposition, 
electrolytic plating, and electroless plating. 



The method according to claim 46, wherein the rare earth metal thin film is formed on the 

\ 

substrate by physical vapor deposition. 



The method according to claim 46, wherein the rare earth metal thin film is formed on the 
substrate by chemical vapor deposition using an organometallic precursor that thermally 
decomposes to the metal hydride or\elemental metal in a reducing environment of 
hydrogen. 

The method according to claim 46, wherein the outputting step comprises generating an 
output selected from the group consisting of visual outputs, optical outputs, tactile 
outputs, electrical outputs and auditory outputs. 



The method according to claim 46, wherein the rare earth metal thin film comprises at 
least one metal selected from the group consisting of: 
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scandium, yttrium, Alanthanum, cerium, praseodymium, neodymium, promethium, 
samarium, europium,*'^ gadolinium, terbium, dysprosium, holmium, erbium, thulium, 
ytterbium, lutetium, a^^tinium, thorium, protactinium, uranium, neptunium, plutonium, 
americium, curium, berkelium, californium, einsteinium, fermium, mendelevium, 

I 

nobelium, and lawrencium, 



alloys thereof, and 

\\ 

alloys containing one or 'rnore of such metals alloyed with an alloying component 
selected from the group consisting of magnesium, calcium, barium, strontium, cobalt and 
iridium. 



The method according to claim 46, wherein the rare earth metal thin film comprises a rare 
earth metal component selected from the group consisting of trivalent rare earth metals 
reactive with hydrogen to form^oth metal dihydride and metal trihydride reaction 
products, and wherein the metal dihydride and metal trihydride reaction products have 
differing optical transmissivity, andvyherein transitions between the metal dihydride and 
metal trihydride reaction products are taused by the presence or absence of hydrogen gas 
contacting the rare earth metal thin film! 



The method according to claim 46, wherein the rare earth metal thin film is overlaid by a 
hydrogen-permeable material comprising a\metal selected from the group consisting of 
Pd, Pt, Ir, Ag, Au, Ni, Co, and alloys thereof^ 

\\ 

The method according to claim 46, wherein the^rare earth metal thin film is overlaid by a 
hydrogen-permeable material that is doped with a dopant selected from the group 



consisting of Mg, Ca, Al, Ir, Ni and Co. 
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55. The method according to claim 46, wherein the rare earth metal thin film is overlaid by a 

V 

thin film of a material includiijg a metal selected from the group consisting of palladium, 
platinum, and iridium. 

56. The method according to claim 4^6, wherein the rare earth metal thin film comprises 
yttrium. 



57. The method according to claim 46, wherein the rare earth metal thin film comprises a 

\ 

metal selected from the group consisting of lanthanum and yttrium, and the rare earth 

\ 

metal thin film is formed on the output surface of the source of luminous and thermal 

w 

energy by CVD utilizing a corresponding precursor, wherein said precursor is selected 
from the group consi3ting ^ of tris(cyclopentadienyl)lanthanum, 
tris(cycIopentadienyl)yttrium, li-diiminate complexes of lanthanum, li-diiminate 
complexes of yttrium, lanthanum amides, and yttrium amides. 



58. The method according to claim 46, wherein theVare earth metal thin film comprises 
lanthanum, and the rare earth metal thin film is formed on the substrate by CVD utilizing 

a precursor, wherein said precursor is selected from the group consisting of La(NR2)3, 

\ 

La(NR2)3-L, La(R)3 and La(R)3-L, wherein R is selecteci. from the group consisting of Ci 
to Cg alkyl and Ci to Cg aryl and L is a Lewis base ligand selected from the group 
consisting of amines, aryls and aryl amines. 



59. The method according to claim 58 wherein the Lewis base, ligand is selected from the 
group consisting of NH3, primary amines, secondary \amines, tertiary amines, 
polyamines. 
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60. The method according to claim 59 wherein the Lewis base ligand is selected from the 
group consisting of pyridine, methylamine, dimethylamine trimethylamine, 
dimethylethylamine, I A^,A^, A/^',A'^'-tetramethylethylenediamine and N,N,N\N',N"' 

61. The method according to "claim 46, wherein the rare earth metal thin film comprises 



yttrium, and the rare earth metal thin film is formed on the substrate by CVD utilizing a 
precursor, wherein said precui^or is Y(NSiR'3)3, wherein R' is selected from the group 
consisting of Ci to Csalkyl and C\ to Cs aryl, 

\ 

62. The method according to claim 46. wherein the rare earth metal thin film has deposited 



thereon an overlayer comprising palladium, and said overlayer is formed by chemical 

\ 

vapor deposition on the rare earth metal thin film using a palladium precursor selected 



from the group consisting of Pd(ijfac)2, PdCallyO^, CpPd(allyl), Pd(allyl)(hfac), 
C0D Pd(Me)2 and Pd(methylallyl)(hfac).1 
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